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Abstract: Geshere and Rishiwa Ring Complexes are among the fifty two known Ring Complexes in Nigeria. 
Both Ring Complexes are about one kilometre apart and the gap between them mainly composes of 
basement complex rocks. Geshere Younger Granite is being suspected to be an extension of Rishiwa 
Younger Granite but there was neither a clear physical clue nor geophysical investigation carried out to 
support the claim. Second vertical derivatives and Euler deconvolution techniques were applied on the 
aeromagnetic data to investigate whether both of them were linked. Second vertical derivative revealed the 
presence of a sharp boundary between them and the plotted contact solutions from the Euler deconvolution 
of the aeromagnetic data showed clustering around the region where the gap exist with depth range of 300 
m to 1100m and also indicates that Rishiwa complex extends beyond its surface exposure. 
Keywords: Geshere, Younger Granites, Regional-Residual separation, Power spectrum, Contact,Second 
vertical derivatives and Euler deconvolution. 
1 Introduction 
Geshere and Rishiwa Ring Complexes are among 
the fifty two known Ring Complexes in Nigeria. 
Both Ring Complexes are about one kilometre 
apart and the gap between them mainly composes 
of basement complex rocks. They are located 
between latitude 10 27 23.50N and 
10 02 0.67N, and longitude 10 17 30.09E and 
10 23 29.16E. Very little attention has been 
given to both Rishiwa and Geshere Younger 
Granites by Geophysicists. The Geshere Younger 
Granite is suspected to be an extension of Rishiwa 
Younger Granite. On the ground, there is no clear 
clue to support the suspicion of whether or not the 
two Younger Granites (YG) are linked, there is 
therefore a need for the application of various 
enhancement techniques on the aeromagnetic data 
of the study area. Second vertical derivatives and 
Euler deconvolution methods were employed in 
order to investigate what type of structure exist 
between the two Younger Granites.       
1.1 General geology of the study area 
The area comprises of Precambrian to Lower 
Paleozoic Basement Complex rocks into which the 
Younger Granite suites are emplaced.  
The rocks of the Basement in the region, which is 
part of the metamorphic rocks of northern Nigeria, 
consist mainly of monotonous granite-high-grade 
gneisses and migmatites cut by large Pan-African 
monzogranite plutons (Ferré and Caby, 2007). 
Zircons from orthogneisses in Kaduna area (study 
area inclusive) have given U-Pb ages of 3040-3050 
Ma for the emplacement of Archaean granodioritic 
magma (Bruguier et al., 1994). The migmatite-
gneiss complexes constitute the oldest rock group of 
presumably Eburnian age and have been greatly 
reactivated during the Pan-African plutonic activity 
of about 600 Ma (Aina and Olarewaju, 1992). It was 
during the Pan-African orogeny that suit of intrusive 
granites (Older Granites) and the charnockitic rocks 
were emplaced in a magmatic phase within country 
rock migmatite-gneisses (Olarewaju, 1976, 
Olarewaju and Rahaman, 1982). The regional north-
south basement trend which indicates the final 
imprint of the Pan-African orogeny is apparent 
especially in the migmatite-gneisses. There is some 
striking concordance between the photogeological 
trends and some observed north-south 
measurements (Olarewaju, 1976).  
The latest event in the area is represented by ring 
structure formation and subsequent intrusion of 
Younger Granite (YG) complexes around 160 -170 
Ma (Turner, 1976). The main phase of acid 
magmatism in Nigerian Younger Granite province 
commenced during Triassic times and continued to 
migrate in a generally southerly direction until the 
close of the Jurassic (Bowden et al., 1971). The 
cessation of magmatism might have been 
synchronous with the initiation of the South 
Atlantic. Rahaman et al. (1984) showed that the 
major local magmatic activities were concentrated 
along ENE and WSW zones. The age pattern of the 
YG suggests that the parent magma were locally 
derived from several simultaneous high level 
magma chamber connected to a common deeper 
source. The emplacement of these ring complexes 
was controlled by fracture systems in the basement. 
The Younger Granites have a clear topographical 
Interpretation of aeromagnetic data over the Geshere and Rishiwa Ring Complexes of North-Western Nigeria.. 
 
Asian Journal of Multidisciplinary Studies, 3(4) April, 2015 2 
definition and there is usually a close coincidence 
between the geologic and topographic boundaries 
at the margins of the granites. They form 
continuous ranges and plateaus, which rise between 
91 and 305 m above the surrounding level plains 
(MacLeod et al., 1965). Cone sheets and ring dikes 
are widely distributed in the Younger Granite 
Province. Ring dikes show outward dips both on 
the inner and outer contacts but some have steep or 
vertical contacts (Jacobson et al., 1958, Turner, 
1989 and MacLeod et al., 1965). The Younger 
Granites show great superior resistance to erosion 
in comparison to the rocks of continuous ranges 
and the rocks are homogeneous and relatively 
fresher than the Basement rocks. The Younger 
Granites are underlain by Older Granites, 
migmatites and meta-sediments of the basement 
complex. Two complete Younger Granite 
complexes outcrop in the region and these 
comprise the Rishiwa and Geshere Younger 
Granites (see Fig. 1). 
   
Figure 1: Simplified geological map of the Nigerian Younger Granite (NYG) complexes (after Kinnaird, 1985) 
showing the location of the Geshere complex; arrows indicate the direction of migration of ages of Mesozoic 
magmatic centers. Inset is a map of Africa (after Bowden et al., 1987), with location of the NYG province.  
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2.0 Data acquisition  
The high resolution aeromagnetic (HRAM) data of 
sheet 146, used for this study, were obtained from 
the Nigerian Geological Survey Agency (NGSA). 
The data sheet, covering half-degree sheet (10 00  - 
10 30  N and 8 00  – 8 30  E) and in scale of 
1:100000, were acquired at a flight altitude of 80 
m, along NE-SW flight lines that were spaced at 
500 m. The spatial variation effect in the 
geomagnetic field caused by the geomagnetic field 
derived from the outer core of the earth was 
removed (IGRF; 2004). The total magnetic field 
intensity range between 33350 and 32600 nT. Most 
of the anomalies trend NE–SW including a 
conspicuously large anomaly of low magnetic 
intensity positioned at latitude 10 15  - 
10 07 30N, and longitude 8 24  – 8 12  E (see 
fig. 2). Cutting through this anomaly is another 
conspicuous linear anomaly (probably lineament) 
extending NW–SE 
.
Figure 2: Total intensity aeromagnetic map of the Geshere area. The big rectangle shows the locations of the 
two Younger Granites of the study area while the small rectangle is the region where exists. 
3.0 Data processing 
3.1 Regional-residual correction 
Magnetic anomaly field is a combination of the 
effect of horizontal variation of magnetic 
polarization within the earth, and thus the anomaly 
of interest in a particular geologic application is 
commonly distorted by overlapping anomalies. The 
geomagnetic anomaly fields include effects of 
deeper, broader sources called regional anomalies: 
local sources which are considered noise as well as 
the anomalies of interest – the so-called residual 
anomalies. The separation of residual anomaly 
from the geopotential field is a critical problem 
which may control accuracy of the interpretational 
process (Hinze, 1990). The least square method 
was adopted in this work out of several techniques 
like geologic method, profile method etc. to carry 
out regional-residual correction.  
The least squares criterion regional-residual 
separation is such that the residual is the square of 
the deviation of the regional from the observed 
(measured). The regional usually a polynomial 
surface exposes the residual features as deviation 
from the observed field. The separation of a data 
into two component is done by fitting a trend 
(plane) surface, which may be defined as a linear 
function of the geographic coordinates of a set of 
observations (in this case, total magnetic field data) 
nT 
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so constructed that the squared deviations from the 
trend are minimized.  
The linear function is an equation of this type: 
Y = b0 + b1X1 + b2X2                       
 1 
where the b’s are coefficients and the X’s are some 
combination of the geographic coordinates.                  
Equation (1) thus yield values ( ̂) which are the 
regional components of the observation, which may 
be regarded as a linear function of some constant 
value b0 related to the mean observations, plus an 
east-west (b1) component (in this case, the 
latitudes) and north-south (b2) components (that is, 
the longitudes). 
Hence, we obtain the three normal equations: 
∑   = nb0 + b1∑    +b2∑    
∑   Y = b0∑    + b1∑   
  + b2∑      
 2 
∑    Y = b0∑    + b1∑   X2 + b2∑   
          
In matrix form, equation (2) becomes: 
[
 ∑   ∑   
∑   ∑   
 ∑     








∑    
∑     
]       
 3 
Figures 3 and 4 show respectively the regional and 
residual fields after the least-square operation have 
been performed. The value of the regional field 
(fig. 3) increases gradually from the SE section to 
the NW of the study area and the trend pattern in 
the regional field shows a NW-SE trend which is in 
conformity with major tectonic structures reported 
in earlier works (Ajakaiye et al., 1991).
  
 
Figure 3: Regional contour map aeromagnetic data (contour interval is 50nT). The big rectangle shows the 
locations of the two Younger Granites of the study area while the small rectangle is the region where exists. 
 
Interpretation of aeromagnetic data over the Geshere and Rishiwa Ring Complexes of North-Western Nigeria.. 
 
Asian Journal of Multidisciplinary Studies, 3(4) April, 2015 5 
 
Figure 4: Residual contour map aeromagnetic data (contour interval is 50nT). The big rectangle shows the 
locations  of the two Younger Granites of the study area while the small rectangle is the region where exists. 
3.2 Low-pass filtering 
It is essential to reduce the effect of noise in the obtained data because most of the techniques adopted for 
interpretation involve derivative processes (both vertical and horizontal) which albeit enhances the shallow 
anomalies, can also enhance noise in the data.  
A low-pass filtering with a cut-off wavelength of 6 km was applied to the residual magnetic field data. The 
choice of the cut-off wavelength was guided by the spectral data for the area shown in fig. 5. 
 
Figure 5: Energy Spectrum of the study area 
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It can be seen in figure 5 that two spectral 
(magnetic) layers are distinguished from the plot 
above: the first segment of the energy spectrum 
(low frequency component), can be ascribed to 
contributions from deep-seated magnetic sources; 
while the second segment (high frequency 
component), represent magnetic anomalies 
attributed to near surface sources and cultural 
noise. 
Frequencies ranging from the minimum value to 
the cut-off thus passed without modification and 
the noise in the residual of total magnetic field was 
enhanced. Figure 6 shows the contour map of low-
pass filtered residual data, and is much smoother 
than that of figure 4 and showing clearly the 
alignments and boundaries of the anomalies. The 
resulting data in fig. 6 is then subjected to the 
appropriate interpretation techniques such as 
Second vertical derivative and Euler 
deconvolution. 
         
Figure 6: Low-pass filtered residual field map. The big rectangle shows the location of Rishiwa and Geshere  
 Younger Granites and the small rectangle is the region where the gap exists (contour interval is 20 nT). 
 
4.0 Data Interpretation 
Interpretation techniques employed in this work, 
Second vertical derivatives and Euler 
deconvolution, involves the inspection of maps of 
the aeromagnetic data to define boundaries of 
magnetic units, and type of structure existing 
between the two YG and its depth. 
4.1 Second Vertical Derivatives 
Second vertical derivatives can be defined; 
        
  (  )
   
    
     
 (4) 
where   is the magnetic field anomaly.  
Second vertical derivatives are conventionally used 
to enhance near-surface effects obscured by the 
regional trends and also as aid in the definition of 
the edges of source bodies. It was shown by Hood 
and McClure (1965) that the second vertical 
derivative is zero and rapidly changes sign at the 
point vertically over the contact. In magnetic data 
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interpretation, second vertical derivatives are used 
to delineate (in plain-view) boundaries of intra-
basement anomaly sources and are also found to be 
effective for enhancement of magnetic anomalies 
(Sharma, 2002). 
The second vertical derivatives of the filtered data 
were obtained using the Geosoft Oasis Montaj 
software. The red lines in figure 7 represent the 
zeros of the contour that delineate the spatial 
locations of the magnetic source edges. 
 
Figure 7: Second vertical derivative contour map (contour interval of 100,000 nT) with red line representing the 
zero contours. The big rectangle shows the location of Rishiwa and Geshere Younger Granites and the small       
rectangle is the region where the gap exists. 
4.2 Euler deconvolution 
Euler’s homogeneity relation has attracted sporadic 
interest from geophysicists over the years because 
it serve as a fast means of processing a magnetic 
grid to derive trends and depth estimates in an 
automatic or semiautomatic manner (Thompson, 
1982). Reid et al. (1990) suggests in passing that a 
3-D implementation of EULDPH algorithm could 
be used to analyze mapped magnetic data. It solves 
for source position, and obtains an indication of 
source type. 
This methodology utilizes the total potential field 
and its three orthogonal gradients (two horizontal 
and one vertical) to derive the rate of change of 
potential field with respect to distance from the 
source location and depth (Keating and Pilkington, 
2004). The degree of homogeneity of the rate of 
change of the three gradient components is directly 
related to geometry of the source body and his 
commonly referred to as the structural index or SI 
(Thompson, 1982). Thompson (1982) showed that 





 + (y – y0)
  
  
 + (z – z0) 
  
  
 = N(B -T), 3.24 
where (x0, y0, z0) is the position of a magnetic 
source whose total field T is detected at  (x, y, z). 
The total field has a regional value of B. The 
degree of homogeneity N is interpreted as a 
structural index (SI), which is a measure of the rate 
of change with distance of the field. Sources are 
simple geometrical object such as a homogenous 
point source N = 3, a linear source (line of dipoles 
or poles, and for a homogenous cylinder, rod, etc.) 
N = 2, for extrusive bodies (thin layer, dike, etc.) N 
= 1, for a contact, N = 0. Estimation of the correct 
structural index is crucial for the successful 
application of the Euler deconvolution method 
(Reid et al., 1990). And this is achieved by using 
the index that produces the best clustering of 
solutions (Reid, 1995). Incorrect choice of 
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structural index leads to errors in estimated source 
depths (Ravart, 1996).  
In general, the desired structural indices are chosen 
with the window size for depth determination. This 
is set based on the anomaly of interest. 3D Euler 
deconvolution was performed on the filtered data 
using structure index (SI) for contact and the result 
is shown in fig. 8 plotted on filtered map. 
  
Figure 8: Map Euler solutions of the aeromagnetic data overlay on the filtered map. The big rectangle shows the 
location of Rishiwa and Geshere Younger Granites and the small rectangle is the region where the gap exists. 
 
1.3 Discussion and Conclusion 
Second vertical derivative calculations performed 
on the aeromagnetic data shown in figure 6 
revealed that the zero contours pass through the 
surface gap between the two Younger Granites 
indicating the presence of a sharp boundary 
between the two Younger Granites. The plotted 
solution from the Euler deconvolution technique 
showed clustering around the region where the gap 
exists with depths range from 300 m to 1100 m and 
it also revealed that Rishiwa complex extends 
beyond its surface exposure. 
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